Key Points:
Several studies modeled the surface deformation due to the dike and the caldera 152 collapse associated with the Bárðarbunga rifting event [Sigmundsson et al., 2015; Green 153 et al., 2015; Ruch et al., 2016; Parks et al., 2017] . However, most of the published stud-154 ies have employed kinematic dislocation models. In contrast, in this study, we try to model 155 realistic near field stresses. This is required to capture the temporally complex propa- To attain realistic stresses in the near field, we simulate a non-singular crack. It
190
is fairly straightforward to compute the crack tip lag for a simple 1D geometry given a 191 specified pressure distribution [e.g. Fialko and Rubin, 1999] . However, this is less obvi-192 ous when the crack is 2D and pressure boundary conditions are non-uniform. We devel-
193
oped a method that achieves this for arbitrary under-pressure conditions or geometry. is guaranteed to be located. This represents the initial singular crack.
200
2. Use the boundary element approach (described below) to solve for dike opening. celed to the resolution of the grid, otherwise continue to the next step.
206
5. Assign under-pressure to these elements and move to step 2.
207
The vertical distribution of overpressure is parameterized by a single value of magma by computing the size of the lag region such that the stress singularity is canceled. The 212 dike overpressure ∆P (z) along a vertical cross-section is
where z is depth, ρ m is magma density, σ = σ any point on the dike plane also has the nearest neighbor on the dike plane, then the vox-268 els will not intersect the plane of the dike (Figure 3 ).
269
Once a voxel system has been formed, and the points of the Gaussian quadrature 270 in each voxel have been specified, the stress tensor can be evaluated at the Gauss-points 271 and then projected into the normal and shear traction components, consistent with the 272 observed focal mechanisms.
273
We compute the cumulative number of earthquakes N using the modified Dieterich 274 1994 theory of Heimisson and Segall [2018] :
276
where r is the background rate of seismicity for a population, which we define for each due to the intrusion are accounted for in the kernel K(t):
We apply the trapezoidal rule to the integral (3) in each voxel and numerically es-
287
timate the scaled cumulative number of earthquakesÑ = N/r at time t i (where t 1 = 288 0). In the m-th Gauss point in the n-th voxel the following approximation of Equation
289
(3) for the cumulative number of events is attained:
is the background Coulomb stressing rate
291
at Gauss point m in voxel n. The kernel can be written in the same notation
For further discussion on the meaning of various parameters and the derivation of equa-293 tions (3) and (4) we refer the reader to Heimisson and Segall [2018] .
294
We estimate the total number of predicted events in the n-th voxel N n based on 295 the scaled number events at the m Gauss points:
where w (n,m) are the Gauss weight of point m in voxel n and r n is the background rate 297 of seismicity per unit volume of the n-th voxel.
298
Equation 4 depends on the absolute shear and normal stress acting on a fault plane.
299
The initial shear stress τ 0 is the component of the traction vector for a given fault ori-300 entation parallel to the slip vector and computed directly from the dislocation model of 301 the plate boundary, discussed in section 3.2.1, and ∆τ (t) is the stress change due to dike 302 opening. These two form the total shear stress: τ (t) = τ 0 + ∆τ (t). and seismicity rate parameters are estimated from a temporal inversion of the number 320 of earthquakes (Section 3.4). In each subsequent step, the results of the previous inver-321 sion are used as constraints so that self-consistency is maintained. be N obs (t) and the standard deviation is σ eq (t).
338
We estimate that 100 timesteps over a period of 16 days (during which the dike prop- ary has been estimated to be between 6 to 8 km [Soosalu et al., 2010; Key et al., 2011] dike intrusion were between 6 -8 km depth, which suggests that 8 km is a lower limit 385 to a range from 8 to 13 km depth for l b . We keep the difference l b −l u = 0.5 km, con-386 stant in the inversion described later.
387
The density structure plays an important role in determining the lithostatic stress. range of 2600 -2850 kg/m 3 , so that magma is negatively buoyant in the upper crust.
395
To summarize, we compute the stress before the diking event as a superposition 396 of a tectonic stress field, derived from a tapered buried dislocation and a density struc-397 ture that gives rise to a lithostatic pressure. The buried dislocation model is governed 398 by the following parameters: The depth to the top of the dislocation l b , its strike and 399 location of the axis (±2.5 km with respect to Askja caldera center [Heimisson et al., 2015a] ).
400
The lithostatic pressure depends on the two densities ρ 1 and ρ 2 and the transition depth
Inversion procedure 404
The previous section described ranges of parameters that factor into the tectonic 405 and lithostatic stress field. Here we show how these ranges are narrowed to preferred es-
406
timates using InSAR and GPS data. We select 11 interferograms that have been pro-407 cessed and down sampled by Sigmundsson et al. [2015] and GPS displacements from 12 408 stations ( Figure 1 ) that span the entire duration of the dike intrusion. The dike model 
where G represents the forward operator that maps a model vector m to line of sight 
414
[2015] in estimating the spatial covariance of the InSAR data; the GPS error is assumed 415 to be spatially uncorrelated.
416
To compute predicted displacements, three parameters are required in addition to 417 those listed in consistently converges to the same minimum, which we interpret as the global minimum.
446
The optimal values for the crustal model are reported in Table 1 . These maximum like- is not sufficient to represent the stressing history in only 100 time steps. We thus assume 491 that between time steps the dike advances at a constant velocity and the stress is eval- 
574
The algorithm samples the log posterior distribution for each voxel:
where d i is the cumulative number of seismic events at the i-th timestep and σ i is the is the prior probability distribution of the model parameters. at the bottom of the dike where the opening tapers due to a vertical gradient in over-599 pressure (Figure 6a ). Thus the influence of the leading dike tip on the temporal evolu-600 tion of the earthquakes may be diminished.
601
In the supplementary materials, we show the median value for each distribution, ance. Figure 10 shows the probability distributions for three different voxels, which all 605 vary substantially in temporal behavior and the final cumulative number of events. One 606 striking result in Figure 10 is how much influence the cumulative number of events has 607 on the width of the distributions. There tends to be a very narrow range of model pa-
608
rameters that can fit voxels with more than 100 events, whereas having only a handful 609 of events leads to broader distributions (see also Supplementary Figures S2 and S3 ). This 610 further suggests that attempting to improve spatial resolution using smaller voxels will 611 result in an increased variance of the model parameters. It is generally agreed that the propagation of a dike induced seismic swarm results
718
directly from the propagation and lengthening of the dike. We further suggest that many 719 spatiotemporal complexities in the dike induced seismicity result largely from the inter- need to be precise. In the more general case, the problem would require adaptive mesh-
787
ing that can follow the dike as it dike propagates that can follow its trajectory. An adap-
788
tive meshing would substantially increase the computational cost of the inversion.
Introduction
This supplement contains three additional figures S1, S2 and S3 that help characterize the statistical properties and uncertainty from the MCMC sampling that is presented in the main manuscript. Furthermore, the supplement contains a caption for a movie file (.avi) which shows that dike model opening with time and both cumulative observed (gray) and model predicted earthquakes (blue). Movie S1.
Dike opening at fixed time steps, top: observed cumulative number of events, bottom: model predicted cumulative number of events. Note that triangular structures that appear in the predicted cumulative number of events are artifacts of the voxel discretization.
